We investigated in two experiments if handball and action video game players show 25 improved implicit learning of repeated spatial configurations for efficient search 26 guidance in comparison to a control group without sport or video game proficiency.
3
Introduction 49 In a team sport like handball, players repeatedly encounter situations where a 50 particular spatial constellation of players asks for a specific action. In these quickly game playing (Boot et al., 2008; Green & Bavelier, 2003) indicates that attentional 148 abilities may improve by practice and experience (Furley & Memmert, 2011 ). An 149 example for such an attentional training approach may be the contextual cueing 150 paradigm (Kristjánsson, 2013) . The contextual cueing task may reflect attentional 151 effects, elucidating if handball-and action video game playing improves context 152 learning skills (see Faubert, 2013) . 153 Chua and Chun (2003) emphasize the ecological validity of contextual cueing by 154 arguing that contextual information are predominant in our environment, so that 155 attention needs to be focused on relevant aspects and objects to allow effective 156 action in the environment (Chun, 2000) . However, the two-dimensional stimuli 157 traditionally used in contextual cueing tasks limits the universality of contextual 158 cueing (see Chua & Chun, 2003) . Chua and Chun (2003) replicated the original 159 contextual cueing task with volumetric pseudo-naturalistic 3-D shapes to represent 160 the depth of the real world in order to improve ecological validity of contextual 161 cueing. Results indicate that contextual cueing can be generalized to pseudo 3-D 162 scenes. In order not to miss contextual cueing advantages that might be tied to 163 handball-specific constellations, we started in Experiment 1 with a sport-specific 164 pseudo 3-D contextual cueing task in which our participants had to search in 165 displays that resembled players in a handball field. We reasoned that contextual 166 cueing generalizes to sport-specific scenes with pseudo-3-D layouts and that 167 subjects implicitly learn the spatial context in this novel contextual cueing task. 
179
Junior handball players had more than 6 years and adult players more than 10 years 180 handball experience. Controls (male = 10, female = 21) and action video game 181 players (male = 23, female = 5) were recruited from the University of Magdeburg.
182
Action video game players had to fulfill the following criteria: action video gamers 183 needed to play action video games (e.g. Call of Duty, Battlefield) for a minimum of The experiment was programmed and performed using the OpenGL-Psychophysics
195
Toolbox extensions (Brainard, 1997; Pelli, 1997) in MATLAB (The MathWorks, 196 9 Natick, MA, USA). Stimuli were displayed by a projector on a back-projection screen 197 (1150 mm (1024 pixels) wide and 800 mm (768 pixels) high, vertical refresh rate of 198 60 Hz). Participants viewed the stimuli from a distance of approximately 126 cm 199 (pixel size of 0.048° x 0.046°). Subjects completed the experiment individually in a 200 dimly lit, sound-attenuated chamber.
201
The stimuli were generated with Blender 2.69 (Stichting Blender Foundation, 202 Amsterdam, Netherlands). The texture of the stimuli was created with GNU Image x 0.5° of visual angle. The items were presented on a green pitch with a black 210 background. All items were colored in brown (skin), white (shorts) and blue (shirt) to 211 improve visibility. Stimuli were smaller the farther back they were to generate a 212 sense of depth (Chua & Chun, 2003) . Display size of the projected display can be 213 seen in Figure 1 . 
239
Each trial started with a blank interval for 500 ms followed by the fixation cross for 240 1000 ms. After a brief pause of 200 ms, the array of stimuli appeared on the 241 projection screen ( Figure 2 ). Participants were told to respond as quickly and 242 accurately as possible. They were further instructed to search for the target passively (a 500-Hz low-pitch tone) and incorrect answers (a 1500-Hz high-pitch tone). At the 247 end of the search task, the participants performed a recognition test, to evaluate 248 whether repeated displays were explicitly remembered. The recognition test 249 consisted of 24 trials, including the original 12 repeated and another 12 novel 250 randomly generated configurations, presented in randomized order. Participants had 251 to indicate by keyboard button press whether they had seen the displays during the 252 course of the experiment or not. No feedback was given in the recognition task. The control group reached a mean recognition accuracy of 50.4% (SD = 9.2%).
323
Controls correctly reported repeated displays as 'repeated' (hit rate) on 45.2% (SD = 324 13.6%) of trials and erroneously categorized 44.4% (SD = 13.7%) of novel displays 325 as repeated (false alarm rate). Hit and false alarm rates were not significantly 326 different, t(24) = 0.244, p > 0.05, giving no indication that control participants were 327 able to recognize repeated displays. In order to explore the relationship between 
357
In sum, both team sport athletes and action video game players were faster in 358 finding the target, but neither was better than the control group in using repeated 359 spatial configurations for search guidance. 360 Our results show that contextual cueing generalizes to sport-specific scenes with Furthermore, we did not observe evidence for explicit learning of spatial context in 365 this novel contextual cueing task. These findings are in line with previous research 366 for two-dimensional (2-D) layouts (Chun & Jiang, 1998 , 1999 and for three- Starkes & Ericsson, 2003; Mann et al., 2007) . But the question, if experts improve 387 on a general cognitive skill level remains unanswered.
388
While the display in Experiment 1 was designed to resemble a handball playing field 389 in order to tap into a potential sport-specific contextual cueing advantage of the 390 handball players, the goal of Experiment 2 was to investigate if either handball 391 playing or action video game playing may generalize to a contextual cueing 392 advantage in arbitrary environments. In order to test this hypothesis, we used a "T" The apparatus was the same as described in Experiment 1. Search displays 414 contained one target (90° or 270° rotated T) and 11 distractors (0•, 90°, 180°, 270° 415 rotated L) with each item subtending 1.9° × 1.9° (Figure 4 ). An offset of 0.14° 416 between the two segments of the L-shapes was chosen to increase search difficulty.
417
The orientation of the target and the orientation of distractors were randomly chosen The same data exclusion criteria were applied for the analysis of reaction times as in 438 Experiment 1. The data exclusion procedure led to the rejection of 3.0% (SD = 1.6%) 439 of invalid data for the control group, 3.4% (SD = 1.5%) for handball players, and 440 3.4% (SD = 2.4%) for action video game players. as repeated. The difference of hit rate and false alarm rate was significant, t(24) = 507 4.312, p < 0.05. However, the correlation between the standardized contextual 508 cueing effect and the recognition accuracy was not significant (r = 0.206, p > 0.05). handball players, whose search times in Experiment 1 were faster than those of the 519 control group, lost this advantage in Experiment 2. This is most likely due to the lack 520 of sport-specific displays in Experiment 2. However, our data revealed that display 
541
The selectively faster search times of the handball players for search in Experiment 542 1 suggests that we were at least partly successful in creating sport-specific displays.
543
However, our displays did not resemble real configurations of players that occur in a 544 handball game. Thus, we cannot rule out that handball players might have shown 545 improved contextual cueing compared with controls in more realistic handball scenes 546 (e.g. scenes from a real handball game).
547
These findings support the narrow transfer hypothesis, suggesting that the 548 knowledge structures of experts operate as conjunctions between encoded 549 information and retrieved cues in long-term memory (Furley & Memmert, 2011) .
550
Expert performers have to restore the encoding situations in order to recover the 551 encoded information. In this way expert performers are able to fall back on long-term 552 working memory in their particular domain of expertise, facilitating them to adapt to 553 situational demands of their specific performance setting. However, those domain 554 specific abilities are not transferable to other general cognitive areas (e.g. Eccles, 555 2006; Furley & Memmert, 2011) . In fact, several studies in the field of sport (e.g. et al., 2007; Memmert, Simons, & Grimme, 2009 ) showed that expert benefits 557 often disappear in non-specific settings, suggesting training effects rather than 558 superior sensory or attentional capacity as a cause for the performance benefits of 559 experts. For example, the use of two-and pseudo three-dimensional static displays 560 in the present study may not appropriately reflect the dynamic character of sport due 561 to a limited viewing angle and/or missing peripheral information, which are required 562 for adequate decision making. The use of virtual reality may improve the ecological 563 validity of stimulus presentations, granting more stimulus control than static displays 564 (see Tenenbaum & Eklund, 2007) . Mann and colleagues (2007) found evidence that 565 field-based studies have produced the greatest expert-novices differences.
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Additionally, the response -a button press -that is not a required skill for handball 567 playing may have attenuated or even eliminated a sport-expert advantage in that 568 handball players were not able to adequately link stimulus characteristics to 569 response selection (Mann et al., 2007) . Handball players have a different perception-570 24 action linkage in an actual game situation, when reacting to the action of another 571 handball player, than in an experiment where the athlete has to look at static 572 displays of a pitch and responds with button presses. Indeed, several studies 573 suggest that the ecological validity of an experiment influences expert performance.
574
For example, Oudejans, Michaels, and Bakker (1997) reported superior expert 575 performance in baseball catching decisions only when real catching was required.
576
Real game situations may have a higher ecological validity to reproduce the expert 577 advantage (Mann et al., 2007) . Indeed, Thomas, Gallagher, and Lowry (2003) 578 reported in a meta-analytic review that a high ecological validity of the experimental 579 setting is accompanied by larger effect sizes. The more ecologically valid the 580 stimulus presentation, the higher may be expert-novices differences (Tenenbaum & 581 Eklund, 2007) .
582
In addition, effects of expertise in sport may be also modulated by different 583 methodological factors such as sport type, level of expertise, and sex (Nougier, 584 Ripoll, & Stein, 1989) . We had a sex imbalance between groups, mainly due to the 585 male dominance among the action video game players which may potentially 586 influence the results. However, regarding the effect of gender differences, different 587 studies reveal that sport expertise reduces traditional gender effects (Alves, Voss, 588 Boot, Deslandes, Cossich, Salles, & Kramer, 2013; Lum, Enns, & Pratt, 2002) . 
591
Regarding the level of expertise, the majority of participants of our study were junior 592 athletes. Thus, it might be argued that their level of expertise was not sufficient to 593 detect potential differences in contextual cueing compared to non-athletes. However, may find it more rewarding to play handball or action video games because they are 620 more successful (Kristjansson, 2013) . In a study by Boot et al. (2008) , e.g., superior 621 performance by expert action video game players could be replicated on a wide 622 range of attentional and cognitive tasks. However, non-gamers did not reach 623 superior performance even after intensive training.
624
The present findings, however, do not indicate that either handball training or action 625 video game play lead to generalized contextual cueing. Nor do our data suggest a 626 selection effect in the sense that subjects with faster memory-guided visual search 627 may be more likely to become expert action video game players.
628
Thus, findings in the present study do not suggest that contextual cueing is an 629 important limiting basic ability in the domain of team sports and action video game 
